ABSTRACT The origin of chirality, closely related to the evolution of life on the earth, has long been debated. In 1991, Abdus Salam suggested a novel approach to achieve biomolecular homochirality by a phase transition. In his subsequent publication, he predicted that this phase transition could eventually change D-amino acids to L-amino acids as C α -H bond would break and H atom became a superconductive atom. Since many experiments denied the configuration change in amino acids, Salam hypothesis aroused suspicion. This paper is aimed to provide direct experimental evidence of a phase transition in alanine, valine single crystals but deny the configuration change of D-to Lenantiomers. New views on Salam phase transition are presented to recover its great importance in the origin of homochirality.
between the theoretical and experimental data [13] . By using X-ray diffraction crystallography at 293K, the cell dimensions of D-/ L-alanine crystals were determined as the same space group In order to maintain the authenticity and accuracy of these experiments, we use dozens of pure single crystals for our series of experiments. We use different crystal in different experiment and all these results have been repeated.
Specific heat measurement
The temperature dependence of the specific heats for the D-, L-alanine and valine are shown in Fig .1-3 .An obvious transition was observed at 270 1 K in both alanine and valine enantiomers by differential scanning calorimetry with an adiabatic continuous heating method. With all the other conditions being equal, it is also shown that the specific heat C p value of D-valine is larger than that of L-valine and the same existed in the enantiomers of alanine. In all cases, the biologically dominant Lenantiomer is found to have lower energy, and the specific heat value reflects this fact.
DC-Magnetic susceptibilities measurements
Magnetic moment (m) and magnetic susceptibility (χ ρ ) of D-/ L-alanine crystals were measured by a SQUID magnetometer (Quantum Design, MPMS-5) from 200K to 300K at a field of 1.0T (with differential sensitivity 1E-8 emu to 1 Tesla) in the National Laboratory for Superconductivity, Institute Physics Chinese Academy of Sciences. Crystals were weighed and determined to be 174.1mg (D-alanine), 99.5mg (L-alanine), then transferred to the straw. The signal from the plastic straw was canceled out while the temperature was measured. Peak width / Hz As for the L-alanine, the variation degrees of peak widths of -H, -H peaks make a good agreement (the maximum peak width is about two times as large as that in room temperature) in the whole process, which indicates that the temperature-dependent relaxation effects of -H, -H nuclei of L-alanine molecule are nearly the same in the transition process. In the case of D-alanine, the variation of -H peak width is much fiercer than that of its enantiomer in the transition temperature range (220~250K), in addition, its transition temperature seems nearer to 240K instead of 230K.
Considering the relative stability of magnetic field in the whole experimental process, these results
show that, in this specific transition, the spin-spin relaxation and spin-lattice relaxation mechanism of -H nucleus of D-alanine molecule may be different from that of L-alanine, and its relaxation effects may also stronger than its enantiomer.
Ultrasonic attenuation measurements
The 
Fig.6 The relative attenuation values of D-/L-alanine crystals vs its temperature
The results of ultrasonic measurements are shown in Figure. 6. As for the D-alanine crystal, the attenuation value changes continuously and undergoes an obvious peak around 247K, and the curve is symmetry on the whole. In the case of L-alanine crystal, a precipitous step-form drop of attenuation value was found around 247K. These ultrasonic attenuation phase transition temperatures agree with the 1 H Solid state NMR and DC-magnetic susceptibilities measurements. It is quite clear that, for these two crystal samples, the shapes of relative attenuation curves of the enantiomers and transition mechanisms are quite different from each other. So we suppose the ultrasonic investigations demonstrate the contribution of the parity-violating WNC to the elastic relaxation effects acting in both ultrasonic transitions of D-alanine and L-alanine crystals.
Temperature-dependent optical rotation measurement
This is the first method suggested by Salam to testify the phase transition. The temperaturedependent optical rotation angle result of DL racemic alanine was performed on a solid state optical measurement system and the result was shown in Fig.7 . The ϕ value is equal to − 0.5° (approach to zero) from 290K to 252K. It proves that the crystal is truly racemic. However, when the temperature continuously decreases from 260K pass through 252K to 230K, the ϕ value is rapidly decreasing to − The most striking and considerably important result of this part of study is the apparent different Raman spectra behavior of DL racemic alanine crystal when temperature approaches the 13 transition temperature T c . A careful observation of this phase transition by Raman spectra showed that (according to the assignment of peaks in reference ): (1) the relative intensity of 3002 cm -1 (C α −H stretching) is weaker than that of 2953 cm -1 only at 250K (shown in Fig. 8 ), (2) the relative peak intensity of 1411 cm -1 peak (COO -symmetric bending) is weaker than that of 1483 cm -1 (C α −H bending) only at 250K in the whole temperature region (shown in Fig. 9 ). These phenomena imply the abrupt change of vibration particulars of C α −H bond and COO -group at the transition point around 250K, which suggests the contribution of C α −H bond and COO -group made to the phase transition process of DL-alanine crystal.
Conclusion
From above series of experimental results, the existence of a phase transition around 250K in alanine crystals has been fully proved. Although the detailed transition mechanism is unclear, we may at least draw a cautious conclusion that there exists a phase transition in alanine crystals and in the transition process, D-, L-, and DL-alanine crystals exhibit different transition behavior. [15] . They observed no change in optical rotation after exposing both racemic DL-cystine and L-cystine to temperature ranging from 77K to 0.6K for three and four days, thus reported failing to validate PVED-induced phase transitions predicted by Salam.
EXPERIMENTAL EVIDENCE THAT DENY THE CONFIGURATION CHANGE
In addition to their experiments, a more direct way to testify Salam's phase transition is to conduct temperature-dependent X-ray diffraction or neutron diffraction on alanine enantiomers. If there is a configuration change of D-to L-, it will be easy to catch this phenomenon for an abrupt change in atom coordinates will be observed. The data for D-/L-alanine single crystals are listed in Table 1 -10 -17 eV) has been enlarged to a detective level during this phase transition due to the quantum mechanical cooperative and condensation phenomena. This amplified energy difference will become the foundation of later amplification mechanism.
Establishing chemical systems that are thermodynamically far from equilibrium, Kondepudi and Nelson succeeded in simulating the evolution of dominant chirality by nonlinear analysis of chemical reactions. If we take the specific phase transition into consideration, the enlarged energy difference will greatly shorten the time period needed in their model to achieve homochirality and it will also reduce the total number of molecules that this system must have in order to surmount fluctuation. What is worth emphasizing, according to Salam, the occurrence of Salam phase transition can enhance the PVED a lot, which will in turn induce much higher probability of transition. This kind of nonlinear feedback relation is similar with that in Kondepudi-Nelson scenario : when the PVED value is larger by one to two orders of magnitude than anticipated, the time required to realize homochirality in a 100km 100km 4m lake reduces from 10 4 year to one year [19] [20] . In fact, nonlinear effects in asymmetric synthesis and stereoselective reactions have been widely discovered and studied [21] [22] . A recently published experiment showed that the chiral amplification of oligopeptides in two-dimensional crystalline self-assemblies on water also introduces nonlinear effects [23] .
Significantly, the biological system when homochirality was achieved meets well the formation requirements of a dissipative structure -the critical transition point is far from equilibrium; the control parameter PVED, whose value determines the probability of Salam phase transition, has a transition threshold; the occurrence of Salam phase transition will in turn enlarge PVED nonlinearly.
Hence, if the temperature is kept in the transition temperature range all along, the control parameter PVED can exceed its critical value (threshold) for enough time, and it is possible to form a dissipative structure and finally develop into an ordered and homochiral system. This scenario is being tested in our laboratory. A related and interesting phenomenon was reported by Ellis-Evans et al [24] : a great lake-Lake Vostok lies below a flowing ice sheet, and the melting point temperature is -3.15 ºC (270K). Microbiological studies of the Vostok ice core have revealed a great diversity of microbes including yeasts and actinomycetes (with antibiotic synthesizing potential) which remain viable in ice for up to 3000 years, and viable mycelial fungi up to 38600 years old.
At last, we emphasize again the significance of Salam phase transition in the evolution of homochirality: instead of the ultimate solution to the problem, it may actually plays as the first step of amplification mechanism. It connects the microcosmic difference (PVED) between biomolecular enantiomers with nonlinear process in a macrocosmic biological system. It also solves the long-term debating suspicion that PVED is too minor to be enlarged directly by nonlinear process. Combining the existence of PVED, Salam phase transition and nonlinear amplification mechanism, we may propose a sound way to understand the chemical evolution of homochirality as depicted in Fig.12 . Fig. 12 A possible evolution process of homochirality
